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A. Objective: The goal of this research is to systematically develop modulated coding as a new coding scheme for dispersive channels, where modulated coding is naturally combined with a channel.
B. Main Research Accomplishments: We have made several research accomplishments as follows.
(i). Modulated codes for ISI channels. Modulated codes (MC) were proposed by the PI for mitigating ISI, which are defined on the complex field and encoded after the binary-to-complex symbol mapping. The main advantage of MC is that their encoding arithmetic operations and the ISI channel arithmetic operations are all defined on the complex field and therefore can be naturally combined together, which is not possible for any current error correction coding schemes. The combination provides the convenience of the optimal study of the coding. We have systematically studied MC, such as encoding/decoding, performance analysis, efficient distance spectrum calculation algorithms. We have proved that, for any finite tap ISI there always exist MC with coding gain compared to the ideal channel, i.e., the AWGN channel, and the coding gain is upper bounded by the number of the ISI taps. As an example, for the ISI channel [0.7071,0.7071], we have found simple rate 1/2 and 2/3 MC of memory size less than 3 that have coding gain about 2.5dB compared to the uncoded AWGN channel. We have also proved that the MC coded ISI channels may have larger information rates than the uncoded ISI channels do when the channel SNR is relatively low, where the information rates are the achieveable rates using the standard random coding techniques.
(ii). Modulated code assisted zero-forcing decision feedback equalizer (ZF-DFE) and minimum mean square error Decision Feedback Equalizer (MMSE-DFE) . Due to the different arithmetic operations of the ISI channel and the current error correction codes (ECC), it is hard to incorporate the ECC with any equalization techniques, such as the decision feedback equalizer (DFE). Since MC are defined over the complex field, they can be used to assist equalization techniques. A new MC coded zero-forcing DFE (ZF-DFE) was proposed and it turns out that this new method outperforms all the existing ECC assisted equalizers significantly at low signal-to-noise (SNR) ratios.
Furthermore, the performance and the optimal MC design for the ZF-DFE were also obtained. Furthermore, we also developed the MC coded MMSE-DFE that improves the ZF-DFE for severe ISI channels.
(iii). Space-time modulated codes. Space-time coding for multiple transmit and receive antenna channels has recently attracted considerable attentions in wideband communication systems due to the potential capacity gain. Most current studies on space-time coding are for memoryless channels. In the last year, we studied space-time MC for memory channels, such as multiple transmit and receive antenna systems with ISI.
Similar to MC for single antenna systems, the space-time MC can be also naturally combined with a multiple antenna system with ISI. We derived some lower bounds on the capacities and the information rates of the MC coded systems. As a property of space-time MC, it is shown that, for an N transmit and N receive antenna channel with memory and AWGN, there exist MC with arbitrary rates r, 0 < r < 1, such that the MC coded systems have larger information rates than the original system does at relatively low channel SNR. We also proposed an MC coded zero-forcing decision feedback equalizer (ZF-DFE) and presented its performance analysis, where the channel was assumed known at both the transmitter and the receiver. We then presented the optimal MC design based on the ZF-DFE. Another problem with the existing OFDM systems is that, when the ISI channel has many taps, the data rate overhead of the cyclic prefix insertion is high. In the last year, we proposed a precoded OFDM system that may improve the performance of the OFDM systems for spectral null channels. We also proposed size K xl vector OFDM systems that reduce the cyclic prefix length by K times comparing to the conventional OFDM systems. The precoding scheme is simply to insert one or more zeros between each two sets of K consecutive information symbols. This precoding scheme may be able to remove the spectral nulls of an ISI channel without knowing the ISI channel.
(v). Other Main Results in Theory and Applications in Radar and Communications of Wavelets, Filterbanks, and Joint Time-Frequency Analysis and Synthesis
A new prefiltering for discrete multiwavelet transforms, which has better energy compaction than other prefiltering, was obtained.
A new synthetic aperture radar (SAR) imaging method, non-uniform speed SAR imaging, of ground moving targets was proposed, where the radar platform moves with a nonuniform speed. This method is able to accurately locate slowly and fast moving targets.
We quantitatively studied the sidelobes of the discrete chirp-Fourier transform for estimating the chirp parameters analogous to the discrete Fourier transform for estimating the frequencies.
A noncoherent coded modulation for 16QAM was obtained with noncoherent detection.
A block coded modulation for the reduction of the peak-to-average power ratio (PAPR) in OFDM systems was proposed, where the PAPR gain, the coding gain and overall gain were introduced.
A quantatitive SNR analysis for joint time-frequency analysis by introducing 3dB SNR in the joint time-frequency plane was presented. A quantitative SNR analysis for the pseudo Wigner-Ville distribution was obtained.
An image compression scheme using discrete multiwavelet transform was pro- 
